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Abstract 
Analyses of energy consumption and carbon emissions in Tianjin are ways to understand the dynamics of developing cities in 
China. Using carbon emission calculation methodology recommended by IPCC, the amount of energy consumption and carbon 
emissions in Tianjin were calculated from 1995 to 2007. The results showed that the energy consumption structure in Tianjin 
relied on coal. Annual carbon emission was 26.37 million tons with growth of 4.48% per year; Sc (carbon emission per GDP) 
reduced year by year, and Se (carbon emission per energy consumption) decreased overall. We also proposed countermeasures to 
reduce carbon emissions from energy consumption.  
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1. Introduction 
Global climate change is a concern for all governments, international organizations and ordinary human beings 
(IPCC 2006). Recently, human activities have been identified as likely contributors to global as well as regional 
climate change (IPCC 2001). While consensus exist that further environmental pollution and climate change could 
be prevented if energy systems' emissions are significantly reduced, energy will remain one of the most active 
driving forces of social and economic progress over the whole 21st century [1]. Strategies and technologies for 
reducing greenhouse gases such as CH4 [2], SO2 [3], NOX [4] have been studied in many nations, including China, 
Japan [5], India [6], Korea [7] and Turkey [8]. However, carbon dioxide (CO2) is considered to be the major 
greenhouse gas that contributes to global warming [9]. Reducing energy use, especially fossil fuel consumption, 
may provide the ultimate answer to CO2 emission problems because carbon emissions from energy consumption 
account for a large proportion of the gross carbon emission [10]. Thus, energy consumption is one of the most 
important sources of carbon emission and causes of climate change. There have been studies on large scale areas 
such as the Asia-Wide Emissions of Greenhouse Gases [11] global strategy for the reduction of carbon emissions 
[12]. The existing literature shows that many studies were conducted to analyze carbon emissions and resource use 
within the Chinese economy [13] to assess CO2 emissions and mitigation potential in the ammonia industry [14] on 
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the national level [15]. There were also some studies on the regional level, such as within Taiwan [16], Hong Kong 
[17], and Shanghai [18-19].  
As one of China’s developed cities, Tianjin is the center for the Bohai Economic Rim (BER), an emerging 
economic development region and one of China's largest industrial areas. It is becoming one of the Northern 
economic powerhouses, rivaling the Pearl River Delta in the south and Yangtze River Delta in the east and drawing 
the attention of the world. The Chinese central government has prioritized integrating all the cities in the Bohai Bay 
Rim and fostering economic development in this area. The BER has traditionally been involved in heavy industries 
and manufacturing. Consequently, Tianjin is also one of the country’s largest emitters of green-house gases, and the 
reduction of carbon emissions from energy consumption in Tianjin is important for the country’s goal of emission 
reduction. At the same time, energy conservation and emission reduction are one of the objectives of Tianjin 
development [20]. 
In this paper, our objective is to investigate if the global climate change effects were taken into consideration in 
this emerging big city during its rapid economic development.  We conducted a study of energy consumption and 
carbon emissions in Tianjin during the period 1995 to 2007. In addition, we analyzed the primary causes of the 
carbon emissions and put forward suggestions for carbon emission reduction in energy consumption, in order to 
achieve China's objective of energy reduction. 
2. Study area 
 
Fig.1. Location of Tianjin City in China 
Tianjin, with an area of 11,760 km2, is a metropolis in Northeastern China and one of the five national central 
cities. It is under direct administration of the central government and border Beijing Municipality, and bounded to 
the east by the Bohai Bay portion of the Yellow Sea (Fig.1). In terms of population, it is the sixth largest city in the 
People's Republic of China, and its urban land area ranks fifth in the nation, only after Beijing, Shanghai, 
Guangzhou, and Shenzhen. It is known as the emerging economic center of Northern China and has maintained 
rapid economic growth in recent years. At the end of 2009, the population of the Tianjin Municipality was 12.28 
million and Tianjin’s gross domestic product (GDP) was 110.3 billion US$(750.1 billion RMB) in 2009.  
3. Methods  
The IPCC [21] provides inventory guidelines for the calculation of greenhouse gas emissions, allowing for a 
unified standard of assessment of greenhouse gas emission in different places. We used the methods for calculating 
carbon emissions recommended by the IPCC Guidelines, and we used data analysis software SPSS (Statistical 
Program for Social Sciences, version 13.0). The data on the consumption of energy comes from the Tianjin 
Statistical Yearbook (1995-2007) and the China Environment Yearbook(1995-2007).
   
 
The energy consumption and carbon emissions in Tianjin in 1995-2007 were calculated as follows:  
i iC Eβ=¦
                                                                     (1)  
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where C is carbon emissions, Ei is the consumption of energy i; ȕi is carbon emission coefficient, and i is the 
different categories of energy sources. Tianjin’s primary carbon emission coefficient from energy consumption 
comes from the IPCC calculation guides [21].  
 To analyze the relationship between carbon emissions and economic development, we used carbon emission 
intensity (Sc) which is the ratio of industrial carbon emissions to GDP and indicates carbon emissions per GDP [22]. 
/cS C GDP=
                                                                 (2)  
where C is carbon emissions, GDP is Gross Domestic Product.  
To analyze the relationship between carbon emissions and energy consumption, we created carbon-energy factor 
(Se) that indicates carbon emissions per unit of energy consumption.  
/eS C E=
                                                                     (3)  
where C is carbon emissions, E is the total consumption of energy.  
4. Results 
4.1 Energy consumption in Tianjin  
During these 13 years, the annual average of the total energy consumption in Tianjin was 3212 × 104tce (ton of 
standard coal equivalent). Change was relatively slow and stable at 2505.2 × 104tce in 1995-1999, fluctuating up to 
2.55% and down to 2.40%. However, it increased year by year after 2000, up to 944 × 104tce in 2007, with an 
increase of 92.45% compared with that in 1995 and 76.95% in 2000 (Fig.2). The average growth rate of the total 
energy consumption in 1995-2007 was 5.74% annually. The years with the fastest growth were 2003 and 2004, with 
an average growth rate of 14.99% in total energy consumption, and the slowest growth years were 1995 and 1996, 
with an energy growth rate of 2.69%. 
 
Fig.2. Total energy consumption in Tianjin (1995-2007) 
During this period, the energy consumption structure relies mainly on coal, accounting for 59.41% of total energy 
consumption, and showed a decreasing trend (Fig.3). The maximum value of the proportion of coal consumption 
was reached in 1995, accounting for 64.13% of total energy consumption; the minimum was 55.93% in 2001. The 
proportion of oil consumption in energy consumption was slightly lower than that of coal consumption, accounting 
for 28.46% of total energy consumption and half of the coal consumption. Energy consumption, the maximum 
percentage of oil consumption in 2000, was 32.26% and the minimum in 1995 was 25.80%. The consumption of 
coal and oil decreased to 85.18% and 83.59% in 2006 and 2007, compared with the average of 88.50% in 1995-
2005.  
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The consumption of electricity and natural gas accounted for only 9.75% and 2.38%. The minimum value of 
electricity consumption was 8.13% in 1995, and the maximum value was 12.60% in 2007. Meanwhile, the minimum 
and maximum values of natural gas consumption were 1.41% and 3.81% in 1997 and 2007.  
 
Fig.3. Structure of energy consumption in Tianjin (1995-2007) 
 
 
Fig. 4. Total carbon emissions in Tianjin (1995-2007) 
4.2 Assessment of carbon emissions from energy consumption  
The average carbon emission from energy consumption was 2636.73 × 104t from 1995 to 2007. Carbon 
emissions were relatively stable in 1995-1999, or even showed a slight decrease with an average of 2088.13 × 104 t, 
fluctuating between 2.20% -2.79% (Fig. 4). Carbon emissions increased to 2302.41 × 104 t in 2000 and increased 
gradually since after 2000, and increased to 3570.81 × 104 t in 2007, which was 1.67 times the rate in 1995, and 1.55 
times the rate in 2000. The increase in carbon emissions from energy consumption slowed down in 2006 and 2007, 
with the increases of 1.03% and 3.72%. However, the average annual increase rate was 8.46% in 2000-2005. 
The carbon emission intensity from energy consumption reduced year by year, with a decrease from 0.54kg/USD 
in 1995 to 0.17 kg/USD in 2007, a reduction of 69.12%. The average reduction of carbon emissions intensity from 
energy consumption was 0.03 kg / USD (Fig.5) during these years. The carbon-energy factor was 0.72 kg/tce in 
2007; however, it was 0.79 kg/tce in 1995, with a decrease of 9.13%. There was a fluctuating decreasing trend in 
1995-2007, but the rate increased slightly in 1997-1998 and 2001-2002 (Fig.5).  
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Fig.5. Carbon emission intensity (Sc) and carbon-energy factor (Se) in Tianjin (1995-2007) 
5. Discussion  
5.1 Mitigation gaps for carbon emission reduction  
The amount of carbon emissions from energy consumption in Tianjin accounts for 2.48% of the total for China 
and 0.45% of the world (Tab.1). The carbon emission intensity of Tianjin was 0.218 kg / USD, almost 1.39 times 
that of China, 1.73 times that of the world, 1.6 times that of the USA, Canada and Australia, 2.6 times that of Japan, 
and 3 times that of the United Kingdom. Therefore, it is necessary for Tianjin to reduce its carbon emissions. The 
carbon emissions intensity of the UK and Japan are lower than the global average due to carbon storage [23] and 
mitigation technology [24]. The total carbon emission of the United States is higher than that of China; however, 
carbon emissions intensity in the USA is lower than in China. High energy efficiency is the main cause of the lower 
carbon emissions intensity. In addition, coal consumption does not constitute a large proportion of the energy 
consumption structure in the USA. Carbon dioxide emissions from the non-energy use of fossil fuels are the largest 
contributors to national greenhouse gas emissions in the USA [25]. If the unit GDP carbon intensity can decrease by 
18%–20% during the 11th Five-Year Plan period, powerful measures could be taken to cut the unit GDP carbon 
intensity by no less than 18% during the 12th and 13th Five-Year Plan periods to achieve the objective in 2020 [26]. 
It is evident that China would receive only 6% of the global climate benefit by using emission reduction technology 
but the United States, Japan, and the European Union could gain 60% [27].  
 
Table1. Comparison of energy carbon emissions between Tianjin and other countries (2005) 
Nations or cities Carbon emissions intensity, kg / USD Carbon emissions, million t 
Global 0.126 761200 
United Kingdom 0.074 14757.2 
Japan 0.083 32623.7 
United States 0.126 156104.3 
Canada 0.133 14378.4 
Australia 0.144 9934.2 
China 0.156 137291.8 
Tianjin 0.218 3407.791 
National and global carbon emissions data from [28], GDP data from 29] 
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Fig. 6 Correlation between carbon-energy factor (Se) and coal consumption 
5.2 Correlation of Tianjin carbon emissions and energy consumption structure  
One of the main causes of high carbon emission was analyzed. In recent years, the carbon emission intensity 
presents a declining trend in Tianjin during the study period. Thus, the per capita carbon emission decreased with 
the increase in economic development (Fig.5). Further analysis of changes in the energy consumption structure 
revealed that the proportion of coal consumption has been decreasing, but the proportion of natural gas, electricity 
and other low carbon energy sources has been increasing gradually (Fig.3). Fig. 6 shows that there is a correlation 
between carbon emissions and the energy consumption structure based on the analysis between Se and the 
proportion of coal use (Fig. 6). Our result is in line with Qiao’s [30] contention that the increase in coal consumption 
is the main reason for emissions of CO2. Liu [31] also conducted research in Beijing City and had similar results 
showing that the energy consumption in Beijing City depends largely on coal burning. Kessel [32] found that fossil 
energy sources today constitute 90% of the primary energy consumption worldwide with oil and natural gas being 
the dominant sources at more than 60%.  
5.3 Measures to reduce carbon emission from energy consumption  
An examination of Lawrence Berkeley National Laboratory’s results show that, since 2006, carbon emissions 
from energy consumption in China has begun to exceed that of the United States [33]. The pressure to reduce energy 
consumption has become unprecedented. Chinese government sectors have adopted various policies and measures to 
change economic growth patterns and adjust the economic structure to reduce greenhouse gas emissions. In order to 
achieve the objective of energy conservation and emission reduction in Tianjin and other Chinese cities, a low-
carbon economy with low energy consumption, low emissions and high efficiency must be established.  
Although positive efforts have been made in Tianjin to reduce carbon intensity, substantial pressure to achieve 
this goal remains. The following measures would create conditions more conducive to achieving the objective of 
reducing carbon emission from energy consumption:  
(1) Change the energy consumption structure to increase energy efficiency. 
  The analysis of the energy consumption structure showed that coal, which has a high carbon emission 
coefficient, still accounts for a large proportion of the energy consumption in Tianjin. On the other hand, natural gas, 
which has a lower carbon emission coefficient, accounts for only a small proportion of the area’s energy 
consumption. Therefore, the most effective carbon reduction measure in Tianjin is to adjust the energy structure to 
increase the use of low-carbon energy and clean energy. Liu [31] and He [26] also contended that the best measure 
for reducing carbon emission in big cities in China is to change the energy consumption structure. 
(2) Replace traditional technologies with energy-saving technologies.  
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Use energy-saving and carbon -reducing technologies in industrial and consumer consumption as much as 
possible to phase out traditional techniques that require high energy consumption and to improve energy efficiency. 
The variation rate of carbon intensity reflects the level of technology improvement and energy utilization. The more 
carbon intensity decreases, the faster technology advances [34]. The carbon emission intensity in Tianjin 
experienced a sharp decrease during these years which means the high efficiency technologies advanced. 
(3) Develop low-carbon economic development strategies.  
Improve existing low-carbon technologies and encourage the development of advanced low-carbon technologies 
in order to provide development opportunities and support for low-carbon technology projects. Qiao [30] noted that 
costs, international cooperation, and public acceptance are important factors in determining the role of CO2 capture 
and storage as a climate change strategy in China. Zhao [35] analyzed the impact of forests on offsetting carbon 
emissions from energy use in Hangzhou, China, to reveal the importance of carbon storage and sequestration 
strategy in reducing carbon emissions.  
(4) Encourage green energy consumption and continue to develop the circular economy.  
Advocate a green consumer lifestyle over one based on the acquisition of luxury goods and promote the 
transformation of consumer consumption patterns. Continue to advocate “recycle use” to ensure recycling of energy 
resources. The impact of lifestyle on energy use and CO2 emission was also studied by Wei [33] who found that 
lifestyle is an important indirect factor for reducing carbon emissions.  
(5) Improve scientific research and technological development capabilities for carbon emission reductions.  
Energy conservation requires the support of scientific research and technical innovation. It relies on scientific 
research institutions, universities, and enterprises. Strengthen basic research and enhance the competitiveness of 
carbon emission reduction technologies and industries in international and domestic markets to promote the 
establishment of a resource-saving society in Tianjin.  
6. Conclusions  
Carbon emissions and their effects on the global climate have become a public concern for many countries and 
regions. The analysis of energy consumption and carbon emissions patterns over time is helpful to achieve emission 
reduction and to reach the ultimate goal of controlling carbon emissions. In this study, we conducted an analysis of 
energy consumption and carbon emissions in Tianjin from 1995 to 2007 by using methods recommended by the 
IPCC guidelines. The results showed that the average energy consumption in Tianjin was 32.12 million tons of 
standard coal per year, with an annual growth rate of 5.74%. Tianjin’s energy consumption still relies on coal. The 
average carbon emission was 26.3673 million tons per year, with an annual growth rate of 4.48%. The carbon 
emission rates indicated an increasing trend; however, the carbon emissions per GDP (Sc) showed a declining trend. 
The causes of the carbon emissions were analyzed by studying the correlation between energy structure and carbon 
emission. We found a close relationship between coal consumption and carbon emission. The carbon emission per 
unit of GDP in 2007 was 0.17 kg/USD, which implied that carbon emission reduction measures were effective to 
some extent in Tianjin. At the same time, a large potential for carbon emission reduction remains. Further measures 
should focus on improving the energy consumption structure, improving energy efficiency, developing low-carbon 
economic development strategies, using energy saving technologies to replace traditional technologies, encouraging 
green energy consumption, and enhancing scientific research and technology development for carbon emissions 
reduction in order to reduce carbon emissions and their effects on global climate change. 
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